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PREFACE 

There  are  iiiany  oils  on  the  marl-cet   to- 
day, which  c-?'''  oe  used,  for  the  luuricatior  of 
internal  corabusticn  raotors.    As  it  v/a.s  irn-oos- 
sible  to  obtain  results  fron  all  of  these  oils, 
twenty-four  of  the  nost  popular  ones  •'-ere  chosen. 
Of  all  the  oils  ex-oerinented.  7:ith,  sanrole  number 
nine  was  the  most  aifficult  to  test.   This  oil 
is  a  thick,  dark,  hea-nr  fluid  ur)on  which  an  emul- 
sion and  hea,t  te*:^  t  could  not  be  "oerf  ormed.  Lub- 
ricating oils,  for  use  in  ster^^n  en~ir.es,  were  not 
considered  in  this  thesis,  for  it  is  the  question 
of  autonobile  lubrication  wnich  is  the  most  in- 
teresting to  the  authors.   The  names    of  the  oils 
are  withheld,  that  the  confidence  irapartec.  to  us, 
by  the  various  rna.nufa.c turers ,  might  riot  be  be-  ■ 
t rayed. 

It  has  oeen  our  aiiT!  to  make  this  thesis 
as  concise  ana  to  the  point  as  possible.  We  hope 
that  the  mr'terial  embodied  herein  v.-ill  oe  of 
interest  and  be-efit  to  technical  students, 
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PHYSIC^J..  PROPERTIES  AITL  TESTS  OF  LUiiRICATIiTG  OIL 

Object , 
In  this  thesis,  \7e  purpose  discussing 
the  j'l.ehhoa  oi  rei'ining,  the  "ohysical  loro 'lertles , 
a.nd  the  tests  of  lubricating  oils.  Tne    tests 
described  in  this  article  haye ,  to  a.  co";sic.era- 
ble  extent,  been  directly  resrjonsible  for  the 
present  efiicier.t  luorication  of  machiner:'.   A 
continuea   study  v:ill  surely  result  in  more  ef- 
ficiert  lubrication,  anc  in  a  great  reduction 
in  the  aj.iount  oi'  oil  usea  per  horse-power 
develo'oed. 
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Ele^;ier;ts    of   Oil   Rei'inine, 

Crude    oilf^    are   not    si.irole    cheniics.l    con- 
pounas,    but    consist   of  an   extrenely   complex  raix- 
ture    oi'   coi:iT)ounds    of    the    elenent    carbon   ana    the 
element  hydrogen.      Other   eler.iert?    such  as   sul- 
■Dhur,    oxygen,    nitrogen,    o.nu   inet--3.11ic    salts,    are 
present   as    irinourities .        Each   one    of    these  many 
coiiTOounds  has    its    ovm  aefinite   nhysicel   T.ro-)ertie? 

Crude    oils  may    oe   di^iaed    into    two  main 
families*    those    of   pa.raffin   ana   asphs.ltic    Qase. 
Thera   is   no   shg.r'o  line    of   separation   betv/een 
these   grou'os,    si.'ce  most   crude    oils   founu   in   a.ll 
fields  may    contain  mixt.ires    in    variable   percent- 
age   of  hydrocs.rbon . 

Crude    oil^    of   -o-rraffin   base   have   always 
been   consiaerec.    the    oe-t   for    the   manufacture    of 
lubricstin^    oilr. 

There    is   a   vast   di.ference   betv;een 
xietrolewn   as    it    flows    from   the    earth   ana   an   ef- 
ficient  lubricatinr   oil.      It    is    necessary   to    sub- 
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ject    the    oil    to   many    intricate   ana    seldor;i 
diTTulged.  -oroceGse?.      A   aescri^tion    of  r)etroleu7n 
refininr  florr-  broad  lines   is   herevrith   i^ivsn. 

The  crude  oil  i^  iirst  depositee,  into 
storage  trn  :s  of  large  cn":rcity,  -here  a  cert--:.in 
settling  t3.1:es  pl-ce.  Fron  the  store:;;'e  tan.Vs, 
t}ie  crude  oil  is  punped  into  a  large  cylii'drical 
"boile-f,  called  a  "crude  still".  V/Tnen  this  is 
filled  UT)  to  a  certain  lerel,  heat  is  a.n-olied, 
a.nd      V9T)orization   and   distillntion    cor^ience . 

Dis  tills.tion ,    as   appliea    to  hydrocar- 
bon  oil,    is    the   sepa.ration   of    Vne  more   volatile 
from  the      less   volatile   "oortions   by   va-poriza- 
tion,    and   later   condensin.7   theiri  'oy  "oassing 
the   hot    va.'oors    throu,s:h    a.   cooleu    tube.      Li;;;:ht 
hydrocarbons,    like   gasoline,    vaporise   very 
readily,   whereas,   heavy   oils    form  practically 
no   vapors    at   atmospheric    r^res^ure    ana   tenmera.- 
ture,    trierefore,    it    is    necessa.ry    to  beat   a.nd 
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boil    crude   "cetrnleam   in   g,   closec.   veseel,    in 
order   to  accoi^iplish   corn-olete   v?porizatior.  and 
sepa.ration    of   tiie   diiferen.t   hydrocgroon= .      Rir;ce 
cruae    oil    i?    r.    covii-olex  mixture    of  hydro ca.r''-'on p  , 
eacli   of  T^l-icli  hps   a  differen':   Loilir^^   point,    e. 
different   temperature    is    required   for   the   vspor- 
ization   of  each   conpound.      Entrained    gas   e.nc.   the 
li';;'hte8:t  hj-'droca-roons   pasf?    over   first ,    and   as 
the   tempera.ture    is    iricreased,    hea,vier  snd  heavi- 
er hydrocprbohs   a.re   YaTOorised. 

The   vaioors   formed   are  lee.   throuc.;h  a. 
pipe   irorii   the    still    ano.  discha.rged   into    the    ba.se 
of  an   aerial    tdver  condenser,      iroffl   there,    they 
pass   up   through  alternate   boxes   arid   a.ir- cooled 
tubes,    where   products    of   ■.  liferent   boiling 
points   are    siirmltaneously   condensed,    and   thus    ?u- 
tonatically    separa.ted    into    gvoxivs ,      The   lightest 
products  pass    co:;ipletely   throu^Q-h   the   tower  and 
flovi"   in   vapor    ioi-t,   to   a.  v/a.ter-cooled    conc-ensinf? 
coil,    -"-'here  all    ll"ht  hydrocarbons  ,  condensable  , 
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without  the  application  oi'  pressure,  a.re  lique- 
fied and  separated  fron  the  remaining  vapors, 
which  are  further  treated  at  a  compressor  plant, 
for  the  separation  of  very  light  hydro-carhons 
from  the  "fixed"  gases.   Of  the  remaining  vapors, 
the  heaviest  condense  urion  strikinf?;  the  first 
air-cooled  tubes,  and  the  li^^htest  UT)on  striking 
the  last  tuhes.   Intermediate  Toroducts,  lying 
between  the  light  and  heavy  ends,  cor.dense  in 
the  intermediate  tubes,  depending  urjon  their 
respective  boiling  point.   The  vapors  liquefying 
in  different  sections  of  the  aerial  condenser 
fs.ll  back  into  corresponding  collector  paxis , 
whence  each  is  led  by  way  of  a  separate  rvater- 
eoolec  coil  to  the  storage  tanks,  called  "run- 
ning tanks".   The  liquids  recovered  in  the  col- 
lector pars  a.re  still  at  a  temTjerature  above 
their  fire  points,  anc  it  is  necessary  to  cool 
them  do'.'n  to  -orevent  spontaneous  ignition,  •'"hen 
they  come  into  contact  v/i  th  air  in  the  running 
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tanks . 

Listillatiori  continues  until  ?.  resicue 
of  s.bout  fifteen  "oercent  remains,  ■'.vhen  trie  fires 
are  drawn  and  the  remaining  oil  is  x)umped  from 
the  still ,  through  a  cooler, into  s.   running  tank. 

The  quantity  and  quality  of  products 
obtained  from  the  first  separation  depend  upon 
the  method  of  distilla.tion  erroloyed,  and  from 
the  "base  or  "family"  to  v^hich  the  crude  petrol- 
eum belongs.   This  descrir)tion ,  however,  only 
concerns  crude  oil  of  para.ffin  base.   High 
quality  oils  are  obtained  when  the  separation 
is  made  by  distilling  under  vacuum, or  by  the 
use  of  lire  in  combination  vi'ith  steam  injection. 
Due  tc  the  mixture  of  oil  snd  vrater  vapors  in 
fire  and  stesjn  distillation,  oil  vapors  pass 
over  3.t  lower  temperatures  tha.n  v-ere  fire  used 
alone.   This  prevents  the  occurrence  of  any 
serious  "cracking"  of  the  heaviei-  products.' 

The  prime  object  of  subjecting  the 
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g'rou'o-distillates  from  the  running  tanks  to  dif- 
ferent processes  is  to  further  separate  each 
group  into  the  final  market  form  of  the  many 
prooucts  contained. 

The  secondary  purpose  of  refining  is  to 
remove  the  impurities  ,  color  bearing,  a.nd  un- 
stable or  unsaturatea  com-nounds  and  free  carbon. 
It  may  be  v.-ell  to  point  out  at  this  time  that  in 
the  first  group  distilla.ti on  there  is  no  sharp 
line  of  aema.,rcati  on  between  gasoline  a.nd  illu- 
mina.ting  oil, or  betv?een  any  other  similar  frac- 
tions,  HeaA^'-  constituents  are  mechanically 
carried  over  with  the  light  norti  ons  ,a.nd  iiore 
volatile  products  are  mixed  '■  ith  the  heavy  parts. 
In  order  to  completely  separate  these,  i'urther 
distillation  is  necessary. 

The  crude  na.TJhtha.  distillate  is  pumped 
from  the  running  tank  to  an  agitator  v;}iere  it  is 
treated  with  sulphuric  acid,  washed  with  water 
to  remove  the  free  acid,  and  neutralized  vfith 


1-2 


PKYSICAI,  PROPS^.TIES  AITL  TESTS  OF  LUBRICATING  OIL 

caustic  soda,  again  washed  and  separated  from 
the  water.   The  treated  naphtha  is  next  sent  to 
a  steam  still, vhere  it  is  diviaea  oy  aistilla- 
tion  into  various  market  graces  of  gasoline. 
From  there,  it  is  "oumped  to  the  finished  naphtha 
storage  ta.nlcs. 

The  illurninatinj,  oil  distillate  is 
pumped  to  a  steam  still,  where  the  crude  naphtha 
contained  is  separa.ted  loy   distillation  a.nd  sent 
to  the  crude  naphtha,  still.   The  illuiiiina.ting 
oil  rema.inir,':  is  sent  to  SJi  agitator,  ■^''here  it 
is  a.cid  treated,  wa.shed,  neutrali?;ed ,  rewaehed, 
a.nd  filtered  through  fuller' s  earth.   It  is 
then  pujuped  to  the  finished  kerosene  lamp  oil 
storage  tanks. 

The  crude  light  lubricating  distilla.te 
passes  from  the  running  tank  to  a  steam  and  fire 
still  ,  for  the  purpose  of  changing  the  chars.cter 
of  the  parafiin  vax  from  the  a.morphou.s  condition 
to  v;a.x  that  may  be  crysta.llized ,  and  for  separa- 
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ting  the  fuel  oil  content.   The  lubricating  dis- 
tillate then  goes  to  a.  chilling  tank  v/here  its 
temnera.ture  is  lowerea  to  such  a  degree  as  to 
ca.use  crystallisation  ol'  the  wax.   In  this  cnil- 
led  condition,  it  is  then  pumped  to  a  wax  filter 
press,  unoer  high  pressure,  ''-'here  it  is  sepa.rated 
into  crude  scale  wax  and  pressed  lubricating 
distillate.   The  "oressed  aistillate  then  goes  to 
a  steam  and  fire  still,  ■■'here  the  gas  oil  is 
separated  from  it.   The  remaining  distillate  is 
then  divided  into  lubrica.ting  oils  of  different 
viscosity,  varying  from  very  light  to  inedium 
light  by  fra.ctional  distil]  at  ion. 

The  oils  of  oifferent  viscosities,  re- 
sulting from  this  fractional  distilla.tion ,  are 
next  sent  to  a.  Fuller's  earth  filter  for  the 
removal  of  color-bea.ring  compounds  and  free 
carbon,   i'rom  the  filter,  these  oils  are  vam-pec. 
to  the  finished  lubricating  oil  storage  tanks. 

The  crude  scale-  wax  is  sent  from  the 
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v/ax  filter  loress  to  a  sweater,  v;here  it  is  sepa- 
rated into  scale  wax  a.no.  oil.   The  scale  wax 
then  t-oes  to  a  Fuller's  earth  filter,  through 
whifc  it  passes  to  the  finished  paraffin  v/ax 
ta.nks . 

The  crude  heavy  lubricating  distillate 
follows  the  sa.me  course  in  processing  as  that 
indicated  for  the  li.^'ht  distillate.   Euel  oil 
a.nd  T)ara.ffin  wax  are  separated  in  tlie  same  man- 
ner.   The  fractional  distillation  of  the  reriair- 
inc:'  oil  results  in  lubricating  oils  of  heavier 
body  than  those  recovered  ''oy   the  "orocessing  of 
the  light  lubrlcatir.o:  distillate. 

Crude  cj'-linoer  stock,  being  very 
viscous  and  difficult  to  handle,  is  greatly 
thinned  dovri  by  ;:iixing  it  with  na^phtha.   It  is 
then  sent  to  a  chill  inc  tank,  where  the  a,morphous 
parafiin  wax  settles  out.   This  separation  of 
paraffin  wax  Iroiii  all  grades  of  oil  has  the  ef- 
fect of  lowering  the  colo  test.   The  oil-na.-ohtha 
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portion  is  separated  and  -DumpeG.  to  a  Puller's 
earth  filter  i'or  ti-je  reuoval  oi  color-teari'-g  cora- 
pounds  and  iree  carbon.   From  tlie  filter,  it 
passes  on  to  a  steajii  stili  ,  "where  it  is  sepa- 
rated into  naphtha  and  low  cold  te?t  cylinder 
stock.   From  the  still,  the  oil  is  sent  to  a 
tank,  -vvhere  it  is  Dlown  v/ith  air  to  remove 
tra.ces  of  moisture.   After  this  air-dryirg 
procese ,  the  cylinder  stoch  is  punped  to  the 
f  in  i  she d  s  t  orange  ta.nlc  s  . 

Oils  manufactured  from  the  luhricating 
distillates  of  paraffin  base,  crude  petroleum, 
are  usually  not  hea'vy  enou~h  for  hes.^^j  ev.c. 
extra  hea""."^'  grades.   It  is,  therefore,  necessary 
to  hlend  these  filtered,  "straight  run",  lubri- 
cating oils  with  highly  filtered,  lo^?;  cold  test 
Cj/'linder  stock  of  extremely  hea^ry   body,  to  -oro- 
duce  oils  of  he9.vy  and  extra,  heavj'  body,  re- 
quired in  some  tr^-pes  of  internal  combustion  en- 
gines. 
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The   refinir-p:  oi   asphalt    base   petroleum 
is    substantially   the   sai^ie  as   presented    in    the 
methods    of   refining  paraffin   base   cruae   oil. 
The   residue   is,    hov/ever,    asphalt,    ana,    except 
in    the   case    of  'oaraff in-asphalt   or  semi-asT>halt 
base  petroleuj-fl,    no  wax  distillate   is    obtained. 

In   the   distillation   of   asphalt  base 
petrol euij   to   a   tar,    soraetinies    called   asphsltum 
oil    or   fluxing   oil,    the  distillates   are   cut 
accordina;   to  gravity. 
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The  Methods  and  rascyssicn ■ of  Oil  Testing, 

Among  the  features  vei-y  often  discussed 
both  by  buyers  and  sellers  of  lubricating  oils, 
and  but  slis:htly  understood  by  either  of  them, 
is  the  matter  ox  physical  tests.   These  are:-  ■ 
flash,  fire,  heat,  eiiiulsion,  gravity,  cole,  and 
viscosity.   After  many  years  of  experience  in 
practice,  these  tests  oxfer  a.  reliable  basis 
for  determining  the  suitability  of  oil  for  use 
in  irternal  combustion  motors, 
Plash  Point  a.nd  Fire  Point: - 

All  lubricating  oils,  v--hen  sufficiently 
heated,  give  off  vapor.   The  '-flash  point"  is 
the  temperature  at  which  the  amount  of  va.por 
given  off  is  sufficient  to  form  an  inflaminable 
or  mildly  exiDlosive  mixture  with  the  a.ir  over 
the  surface  oi  the  oil,  so  that  on  the  aprilica- 
tion  of  a.  sparl-c,  the  ga.seous  mixture  ignites 
and  burns  v-i  th  a  momentary  flash.   As  the  te;-:- 
pera.ture  of  the  oil  rises,  more  vapor  is  ^iven 


Flash  and -Tire  Point  A-opa.ratus 
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off,  and  when  the  production  of  vapor  is  ra."oid 
enough  to  maintain  a  continuous  flame,  the  oil 
takes  fire  and  burns.   The  tea^ierature  at  which 
this  occurs  is  called  the  "firing  point"  or 
"bumin':'  ■Dciiit"  ol'  the  oil. 

The  methods  used  for  determinir^;;  the 
flashing  and  firing  points  arc  a.s  follov.-s: 

The  oil  10 r  the  flash  test  is  heated 
electrically.   The  test  is  made  oy   means  of  a 
spark  from  the  spark  coil,  the  terminals  being 
about  one- fourth  of  an    inch  apa.rt  and  one- 
fourth  of  s.n   inch  above  the  surface  of  the  oil. 
The  reading  of  the  thermometer  is  noted  ^.'hen  a 
blue  flash  is  seen  across  the  surface. 

The  burning  or  firing  point  is  deter- 
mined by  continuing  the  heating  until  th.e  oil 
catches  fire  ana  burns  :vhen  the  spark  is  ap- 
plied. 

The  determination  of  these  points, 
more  esoecially  of  the  flash  point,  is  of  great 
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importance  in  the  examination  of  lubricating 
oils. 

Oils  of  low  flashing  point  are  unsafe 
to  use  beca.use.at  ordinary  tem^oeratares  of 
oioeration,  a  heci-ry   sediment  of  sulphuric  acid 
compound,  very  gurnmy  in  nature,  is  left  on  the 
bearings  -':lLen   the  volatile  matter  is  driven  off. 
This  deposit  destroys  the  bearings  and  prevents 
smoothness  of  operation.   It  is,  therefore,  of 
great  im-oortance  to  detect  the  nresence  of 
"sulpho"  compounds  a.t  the  flash  point. 
Heat  Test:- 

AcGording  to  t?ie  Molecula-r  Trieory  of 
Heat,  matter  consists  of  units  or  parts  called 
molecules,  which  are  composed  of  smaller  urits 
of  the  elements,  called  atoms.   The  addition  of 
heat  energy  to  a  boay  either  increa.ses  the 
kinetic  energy  of  its  molecules  or  increases 
their  potential  energy.   The  imnortant  changes 
in  substances,  produced  by  heat,  are  changes  in 


Heat   Tejst  AiDiJaratus 
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arrangement  of  molecules  ^ith  respect  to  one 
a.nother,  and  changes  in  state. 

When  an  oil  is  heated,  the  -molecules 
are  disa.rra,nged  and  evaporation  takes  pla.ce. 
If  the  oil  is  poor,  the  lighter  inolecules  will 
rise,  leaving  a  deposit  of  black,  ca.rbon-like 
sediment  in  the  bottom  of  the  vessel .   This 
proves  the  preserce  of  sulphuric  or  sulphcnic 
acid  compounds,  showing  that  the  oil  v;as  not 
properly  neutrali^.ed  in  the  refining  process. 
If  the  oil  is  good,  it  ••ill  da.rken  in  color 
but  rema.ii:   perfectly  clear  and  vrithout  sedi- 
ment, even  after  standing  twenty-four  hours  . 
This  test  is  urfa.il  ing  and  so  important,  that 
it  is  recoiTu.iendea  to  oil  nurchasers  as  a 
feature  to  be  incorporated  in  their  specifica.- 
tions . 

In  order  to  perform  a  heat  test,  fill 
an  Ehrlemeyer  flask  about  half  full  v/ith  the 
oil  to  oe  tested,   Keat  it  up  slowly  over  an 


HEAT    TEs3T 


TURN^  DARKER-NO  PEDIMENT. 


TURNS  DARKER- NO  SEDIMENT 


TURNS  DEEP /^ED- NO  PEDIMENT. 


TURN'S  DARKER-  NO  ^ED/MENT. 


TURNS  DEEP  RED- NO  SEDIMENT 


TURNS   DEEP  RED-NO  ^SEDIMENT. 


TURNS  JET  BLACK-NO  SEDIMENT. 


TURNe  JET  QLMK-NO  SEDIMENT 


\COULP  NOT  BE  OETERMINEDJ 


TURNS    DEEP  RED- NO  SEDIMENT. 


TURNS  JET  eUCR- NO  SEDIMENT. 


TURNS  JET  BLACH-NO  SEDIMENT, 


TURNS  JET  BLACH-NO  SEDIMENT. 


TURNS  DEEP  REP -NO  SEDIMENT. 


TURNS   DARKER- NO  SEDIMENT. 


TURNS  DEEP  RED- NO  SEDIMENT. 


TURNS  JET  BLf^CK-NO  PEDIMENT. 


TURI4S  JET  BLACK- NO  SEDIMENT, 


TURNS  DEEP  RED  -  NO  SEDIMENT. 


TURNS    DEEP  RED  -  NO  SEDIMENT. 


TURNS    DEEP  RED -NO  PEDIMENT. 


TUPNS     DARKER  -  NO  SEDIMENT 


TURNS    PARKER -NO SEDIMENT. 


TURNS    DEEP  REP' NO  SEDIMENT. 
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open  flame  until  yellov/  vapors  aiDi^ear  above  the 
surface  of  the  oil.   Tnis  temperature  is  about 
the  temperature  of  the  flash  point.   Hold  the 
oil  at  this  temperature  for  fifteen  minutes.   A 
comparison  of  the  heated  with  an  unheated  sample 
of  the  sarae  oil  gives  the  determination  of  its 
quality, 
Emul s i  on  Te s t : - 

When  an  oil  mixes  permanently  with 
water,  it  loses  its  lubricating  qualities.   A 
good  oil  shows  a  fine,  white  line  of  demarcation 
between  the  oil  and  the  clear  water  after  being 
mixed,  inaica.tin.s  the  absence  of  acid  compounds. 
A  poor  oil  uill  nix  permanently  with  the  water, 
appearing.;  as  a  curdled  mass,  floating  upon  milky 
water  belo-.v.   This  indica.tes  the  presence  of 
sulTohuric  or  sul phonic  acid  com-oounds.   The 
curdled  portion  is  a  sort  of  sulphuric  acid  soa.p, 
and  the  amount  of  curd  shows  the  quantity  of'sul- 
pho"  compounds  present. 
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The  object  of  the  emulsiorx  test  is 
exactly,''  the  ssune  as  that  ol  the  he^t  test.   To 
persons  saaking  a.  study  oi   oils,  it  is  worthy  of 
notice  because  of  the  fact  that  t:iere  is  a  cer- 
tain quantity  of  water  present  in  the  crank  case 
of  motors,  due  to  the  condensation  there  of  the 
products  of  combustion. 

To  determine  the  quality  of  the  oil, 
fill  a  bottle  one-third  full  with  the  oil  to  be 

tested.   Pour  in  an  equal  amount  of  vvater, 
leaving  a.   space  of  one-third  free  about  the  oil 
and  water.    Cork  and  shake  the  bottle, vigorously , 
for  thirty  minutes  in  a  shaking  machine.   Then  set 
it  aside  for  tv/enty-four  hours.   The  quality  can 
be  determined  hj   seeing  whether  the  oil  curales, 
or  not. 

Word  of  Caution:  Ultra  violet  rays  in  sunlight 
cause  oils ,  othei*wise  good,  to  readily  emulsify. 
Saiiipl e  submitted  to  this  test  should,  therefore, 
not  be  taken  from  bottles  kept  in  shop  windows. 
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£AIULs5fON    TE^T.  


NO    CUHDLE  ~    GOOD      DI'5TINCTION 
BSTVVe£hl    OIL    AND    l^/ITfR. 


CUHDteP     SUGHTLy'-    c:/.£-/?A'    £7/5- 
TJNCTION    B£TUVEEN   OIL  AND  \NffTBR. 


cufiouee    V£-Ry    much   Bi/r  the 
WATER   REMAINED      CLEAR. . 


NO  CU/iOLE-    OOOD     DI^T/r^CTtOf^    BET- 

yVEEN    OIL    AND    tNMTER.        

/WO   CU/iPLE-   <fOOD     O/JT/NCllOn 
BETyVEEN    OIL  AND    yVATEH. 


CURDLED    »ND    MIXED    V^ITH    WATER.  NO 
PJ^T/A-CT/CN.  


CI/»Dl.E^    SLIOHTLy.    W/rrER    CLOUDY. 
GOOD  DISTINCTION 


CURDLED  ^LIGHTLyl   k\>/tTER  CLOUDK 
GOOD    D/^T/NCT/Of^. 


THJ^    Oil.    IA^/J~5     TOO     H£/IV>^    rOf^ 
GOOD      RESULTS. 


NC   CURDLE -GOOD     tPISTI  NCTI  Oh     OET- 
yVEEN  OIL    AND    VN/ITER.  WATER  CLEAR. 


NO   CURDLE -ifOOD     DI'STINCTION    BET- 
WEEN  OIL   AND  WATER.  WATER    CLEAR. 


CURDLED   k'ERy  MVCH   BUT  THE  tV^TEH 
REMAINED  CLEAR. 


CURDLED    'SLIGHTL.r.      WATeR     CLJOUOy. 
GOOD  OfSTINCTlON. 


CURDLED    AND  MIXED    WITH    WATER.    NO 
D/STINCT/CN.  _^ 


HO  CURDLE.     GOOD    DI<5TtNCTION   BET- 
WEEN  OIL    AND    IVATER. 


CURDLED  SLI&^RTLY.      WATER    CLOUD ¥^^ 
GOOD    DI^TJNCT/ON.  


CURDLED    SLIGHTLr.      WATER   CLEAR.  OOOO 
Pl^TINCriON.  


CURDLED    VERY  MUCH   AND  rtlXED    W/TH 
THE    WATER. 


CURDLED    SLIGHTLY.     OOOD    DISTINCTIOH 
aSTWEEH  OIL  AND  WATER. 


et/ROLED    SLIOHYLr.     aooO     OlST/NCr/OH 

BETWEEN  OIL   AND    WATER. 


NO   CURDLE.      GOOD     pJ.STir>ICriOf>l  BET- 
WEEN   OIL   ANP    WATER. 


NO  CURDLE.  GOOD     DfSTINCT/ON   BET- 
WEEN  OIL    AND   l/VATER. 


CURDLED  SLIGHTLY.     WATER     CLOUPY^. 
I    GOOD    DISTI/^CTION.  


CURDLED    sSLI&HTLY.    WATER    CLOUDY. 
I    GOOD    DISTINCTION.  


Gravity  Test  A-oparatus 
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or  elsewhere  after  long  exposure  to  the  airect 
rays  of  the  sun. 
Gravity;  - 

Specific  gravity  is  the  ratio  oi'  the 
weight  of  a   solid  or  liquid  substance  to  that  of 
an  equal  volume  of  i-a.ter.   Of  all  the  methods 
for  ascertainin r  the  specific  gravity,  the  hy- 
drometer method  is  the  most  ra.iDid ,  a.nd  T)roviding 
the  instrument  used  is  correctly  graduatea,  or 
its  error  exactly  knovm,  very  accurate  results 
ma.y  be  obtained. 

Hydrometers  may  be  diviaed  into  two 
classes,  those  giving  specific  gravity  directly, 
and  those  graduated  with  arbitrary  scales,  ntiine- 
ly,  the  Beaume' ,  which  is  in  general  use  through- 
out the  United  States,   This  instrument,  tvhen  al- 
lowed to  float  freely  in  an  oil  or  other  liquid, 
sinks  to  a  depth  corresponding  to  the  density  of 
the  liquid.   The  Jiea.ume'  gravity  value  is  then 
read  at  the  point  ^vhere  the  surface  of  the  liquid 
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intersects  the  scale.   The  liquid  should  "be  main- 
tained at  a  constant  temperature  of  60°  Fahren- 
heit, if  not,  correction  shoula  oe  made  for  tem- 
perature. 
Cola  Test:  - 

The  chill  or  cold  test  of  an  oil  is  the 
lowest  tem-oerature  at  which  the  oil  -vill  pour. 
This  characteristic  need  only  be  taker  into  con- 
sideration "because  of  its  effect  upon  the  free 
circulation  of  oil  through  exterior  feed  pipes, 
where  nressure  is  not  amolied.   The  cola  test,  is, 
however,  in  no  way  indicative  of  the  lubricating 
or  heat-resisting  qualities  of  an  oil. 

The  behavior  of  lubricating  oils,  v/hen 
nearing  the  freer^inc:  point,  is  altogether  differ- 
ent than  the  simple  fluids  such  as  water,  glj'cer- 
ine,  etc.   The  latter  have  a  fixed  and  accurate 
freezing  point,  at  which  a  comTilete  change  from 
the  liquid  to  the  soliu  state  takes  place,  but 
lubricating  oils,  which  are  mixtures  of  bodies  of 
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various  meltinr;  points,  behave  like  solutions 
and  frequently  deposit  some  portion  of  their  con- 
stituents before  the  i/^/hole  mixture  solidifies. 
The  "setting"  point  of  an  oil  -.vill ,  therefore, 
vary  accorain.g  to  whether  it  be  regarded  as  a 
tennoerature  at  i':hich  solid  matter  cornrnences  to 
separate,  or  the  tern-oerature  at  which  the  oil 
completely  loses  its  fluidity. 

Mineral  oils  assurae  their  perm3.nent 
state,  for  any  given  temperature,  much  more 
rapidly  than  the  fixed  oils,  and  should,  tiiere- 
fore,  not  be  stirred,  as  the  net-work  of  solid 
hydrocarbons,   \yhich  sometimes  causes  such  oils 
to  set  before  they  have  wholly  solidified,  is 
broken  up  by  the  stirring,  and  the  "setting" 
point  is  thereby  lov/ered,   Miners.l  lubricating 
oils  frequently  undergo  a  change  in  their  solia- 
ifying  points  by  previous  heating,  ana  it  is, 
therefore,  important  that  the  "Dortion  used  for 
the  "setting"  point  determination  should  not 
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have  been  recently  used,  lor  an^'  other  test  which 
has  involved  heating  above  the  atmospheric  tem- 
perature. 

There  are  a  nunber  of  methods  tha.t  may  . 
be  -oursuea  to  determine  the  chill  point;  the  most 
common  of  these ,  and  the  one  used  in  our  determin- 
ations is  3.S  follc.vs:   Put  cibout  an  inch  of  the 
oil  to  be  testeo  in  a  test  tube.   Insert  a  t?.er- 
mometer  and  place  the  tube  in  a  mixture  of  chip- 
ped ice  and  salt.   Allov7  the  sai.iple  to  cool  suf- 
ficiently so  that  a  small  lump  will  adhere  to  the 
thermometer  when  it  is  removed  from  the  tube. 
Hola  the  thermometer  at  an  angle  of  a.bout  45°, 
and  note  the  temperature  at  which  the  oil  drops 
from  the  bulb.   This  temperature  is  the  setting 
or  chill  point. 
Viscosity: - 

The  viscosity  of  an  oil  is  an  inaication 
of  -.''hat  may  be  exTsressed  as  the  fluidity  of  the 
body,  or  the  cones iveness  of  the  moleculs.r  con- 
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stituents  of  the  oil. 

All  liquids  exhibit  Az-iscosity,  although 
in  varying  aegree.   Thus,  ii  a.  vessel  of  -vater 
be  tilted  ano.  then  quickly  brou,ght  back  to  its 
oric^inal  position,  so  as  to  set  the  water  in  os- 
cillatory motion,  it  v/ill  be  found  that  Avith 
each  sv/ing,  the  amplitude  of  the  oscillation 
diminishes,  ana  that  in  a  very  short  time,  the 
movement  dies  av/ay  or  becoiTies  imnerceptible , 
and  the  liquid  comes  to  rest  in  an  exactliJ- 
hori^^ontal  position. 

If  a  simila.r  e^rpei^iiTient  be  made  v/ith 
s"oerra  oil,  a  much  greo.ter  resistance  to  movement 
v;ill  be  oi-iserved.   The  oscillations  produced 
T.'ill  not  only  be  much  slover,  hct   will  si  so  be 
fewer  in  number.  Witii  very  heavy  oils,  no  os- 
cillations v/hatever  are  proaucea;  but  a  steady 
flor  is  brou)3;ht  about  until  the  face  of  the 
liquid  becomes  hori^.onte.l  ag3,in.   In  all  cases, 
the  movement  ceases  sooner  or  later,  and  it  is 
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the  interns!  friction  or  viscosity  of  the  liquid 
"\7hich  stops  the  motion. 

Before  mineral  oils  were  introduced  as 
lubricants,  engineers  had  little  reason  to  study 
the  theory  oi'  viscosity,  or  to  specify  the  par- 
ticular fluiay  of  the  oils  they  vvished  to  make 
use  of,  for  the  nurnher  of  animal  and  vegetable 
oils  available  for  lubrica.tion  is  limited,  and 
the  degree  of   viscosity  they  exhibit  does  not 
vary  much  in  aifferent  saanioles.   A  little  ex- 
perience is  usually  sufficient  to  determine  the 
most  Suitable  description  of  oil  for  the  pur"oose 
in  vie---.   Since  the  introduction  of  mineral  lub- 
ricating oils,  -'d-iich  can  be  "orepared  of  any 
desired  viscosity,  the  measurement  of  this  -oro- 
perty  and  the  study  of  its  influence  upon  lubri- 
. cation  have  assuraed  great  loractical  ira-portance . 
At  low  speeds,  especially'-  under  heavy 
loads,  and  in  all  cases  v.'here  a  complete  oil 
film  c3.nnot  form  bet^veen  the  friction  surfaces, 
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the  Tiscosioi'  ana  oiliness  of  tjie  luoricant  are 
of  great  iraportance.    These  properties,  though 
Qistinct,  are  rela.tea  in  some  way,  for  it  v.-ill 
generally  be  found,  ~ith  oils  oi'  the  saine  clese, 
that  the  friction  reducing  power  at  low  speeds 
is  in  the  same  order  as  the  viscosity.  Every- 
thing depends,  however,  upon  ti-ie  speed  a.nd  load, 
for  froir.  the  moment  the  surfa.ces  commence  to 
move  relatively  to  each  other,  the    oil  tends  to 
be  forced  between  them.   Therefore,  a.s  the  speed 
increases  s-no.  the  filra  oecomes  thicker  a.nd  r.ore 
complete,  so  the  reduction  of  friction  Decomes 
more  and  more  dependent  upon  the  viscosity  a.nd 
less  upon  the  oiliress  or  the  body  of  the  lubri- 
C8.nt. 

Determinations  of  viscosity,  made  by 
measuring  the  resistance  offered  to  the  motion 
of  discs  or  cylinders  immersed  in  liquids,  a^re, 
for  the  most  part,  unsatisfactory.   In  such 
cases,  turbulent  motion  is  locally,  if  not 
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generally,  set  up,  3.nd  the  results  a.re  misleading. 
For  this  rea-son,  such  methods  of  measuring,  or  a.t- 
terapting  to  mea.sure  the  viscosity,  was  not  T)ursued. 
The  best  v;ay  to  measure  viscosity,  and  the  one 
which  is  universally  usea,  is  to  note  the  time  it 
takes  lor  a  quantity  of  the  oil  to  flov:  from  a 
nozsle  of  given  diameter,  under  a  set  pressure  and 
temperature. 

Y'ith  rise  of  tem^Derature  ,■  the  viscosity 
of  liquids  decre'-sses,  sometimes  very  rsTjidly,  un- 
til a  certain  temperature  is  reached,  where  ex- 
cess heat  v/ill  not  lower  the  viscosity.   The 
curves  on  the  tests  of  viscosities  of  the  va.rious 
oils  bear  out  this  statement. 

There  are  ma.ny  discussions  concerning 
viscositi'  3.S  an  index  to  lubrication.   Thurston 
s^ta.tes  th8,t  a  liquid,  to  act  as  a  luorica.nt, 
must  possess  enough  "body"  or  combined  capillari- 
ty and  viscosity"  to  i:eep  the  surfaces  between 
which  it  is  interposed  from  coming  into  contact 
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with  one  another.   On  the  other  hand,  J.  Veitch 
V/ilson  states  that  viscosity  is  not  the  only 
property  oy  v/hich  the  anti-f rictional  value  of 
an  oil  is  deteriraned..   The  aif f erentiating 
principle  must  oe   attributed  to  sorae  other 
property,   Cecil  P.  Poole  states  the  follovring; 
"Viscosity,  or  any  other  characteristic  con- 
sidered alone,  is  practically  '."'oi'thless  as  a 
criterion;  the  viscosity  of  cylinder  oils  at 
ordinarv  teraperatures  is  a  rough  and  unsatis- 
factory guide,  V/'ith  the  percentage  of  snirnal 
or  vegetable  fat  limited  to  a,   lov  quantity' 
hovi/ever,  and  the  viscositj^  taken  at  a  high 
temperature,  this  characteristic  is  a  most 
valuable  criterion  v^hen  considered  in  combina- 
tion wi  th  others . " 

Although  viscosity  may  not  be  regarded, 
03'  some  engineers,  an  index  to  the  lubricating 
properties  of  an  oil,   it  is  the  most  im-nortant 
property  which  can  be  measured  in  the  laboratory' 
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today.   By  this  test,  one  can  tell  rhere  an  oil 
is  to  be  used,   whether  it  can  be  usea  for  heavy 
lubrica.tion ,  or  ligjht  lubrication.   Proba.bly 
through  lack  of  knowledge  and  information  regard- 
ing this  essential,  it  is  seldom  favored  vdth 
even  a  thought  by  the  in-uaediate  buyer  or  seller. 

It  should  be  ap-:reciated  by  the  practi- 
cal man,  tha.t  the  tests  of  lubrica.tin^,  oils  f,ive 
only  aDToroxirna.te  results.   Thus,  a.ny  one  viscos- 
irneter,  as  ordinarily  made,  will  give  consistent 
results  on  the  same  material  a.t  the  same  tempera- 
ture.  Hov'ever,  different  instruments  of  the  same 
type,  and  ap-oarently  exactly  alike,  will  c-ive 
results  on  the  sajne  material  v/hich  va.ry  several 
xiercent. 

ITo  rigid  directions  can  be  given  for 
the  choice  of  oils  for  ^-iven  purT)oses.   It  is 
best  to  try  various  lubricants  until  one  is  found 
v/hich  gives  sa.tisfactory  results. 
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